Cycloheximide, which had already been shown to inhibit protein synthesis in Earle's L cells (mouse fibroblasts) without having any effect on the multiplication or protein synthesis in Chlamydia psittaci (strain meningopneumonitis) infecting these host cells, also caused greater than 90% inhibition of deoxyribonucleic acid (DNA) synthesis in L cells after a 3-hr exposure to the drug. L cells infected with the meningopneumonitis agent and treated with cycloheximide were used to follow meningopneumonitis-specific DNA synthesis during intracellular growth of the parasite. The rate at which labeled precursors were incorporated into parasite DNA doubled every 2 hr. 
Protein synthesis in the obligate intracellular parasite Chlamydia psittaci (strain meningopneumonitis) and protein synthesis in its L-cell host have been separated on the basis of differential susceptibility to cycloheximide (1) . This drug had no effect on meningopneumonitis multiplication, whereas over 90% of the protein synthesis in uninfected L cells was inhibited within 30 min after exposure to cycloheximide. The primary mode of action of cycloheximide is an inhibition of protein synthesis in eucaryotic cells (13) . However, both protein and deoxyribonucleic acid (DNA) synthesis were strongly inhibited by the drug in Saccharomyces carlsbergensis (5) and in cells derived from human epidermoid carcinomas (2) . In L cells (4, 16) and in S. pastorianus (12) , protein synthesis was almost immediately affected, and DNA synthesis was inhibited later.
The purpose of this investigation was (i) to study the inhibition of DNA synthesis in L cells treated with cycloheximide and then to utilize the differential susceptibility of parasite and host for measuring meningopneumonitis-specific DNA synthesis in infected L cells, and (ii) to examine the effect of infection with the meningopneumonitis agent on DNA and protein synthesis in logarithmically growing and stationary-phase populations of L cells. Cell fractionation techniques had already been used to show that L-cell DNA synthesis is inhibited by meningopneumonitis infection (7, 10) , and experiments employing both cell fractionation (10) and differential susceptibility to cycloheximide (1) indicated that L-cell protein synthesis is not inhibited by infection.
MATERIALS AND METHODS Growth of L cells and meningopneumonitis agent. The 5b subline of Earle's L cells (mouse fibroblasts) and C. psittaci (strain meningopneumonitis) were grown as previously described (10 (10) . The fraction of infected L cells ranged from 90 to 100%, and most infected cells contained more than one meningopneumonitis inclusion. All measurements of DNA and protein synthesis were carried out before viability in the infected L cells began to decline. Viable L cells were defined as those that excluded trypan blue and dead cells were defined as those that did not (8) .
During the course of these experiments, logarithmic growth in asynchronously multiplying L-cell suspension cultures was observed at population densities between 6 X 106 and 9 X 106 cells/ml. At densities below 3 X 106 cells/ml, the cells remained in lag phase for about 2 days, and as a general rule all stationaryphase cultures had achieved terminal cell densities between 1.2 X 106 and 2.0 X 106 cells/ml. In Kalamazoo, Mich.) or I ml of growth medium alone was added to 24-ml suspensions ofL cells. Four 4.5-ml samples were immediately withdrawn from each culture to 25-ml flasks and were placed in a water-bath shaker at 37 C. Growth medium (0.5 ml) containing 14C-uridine was immediately added to one flask that contained cycloheximide and to one flask that did not. The final concentration of uridine was I Mg/ml and 0.1 wc/ml. One hour later, 0.2-ml samples were withdrawn in triplicate from each flask that contained 4C-uridine. The procedure was repeated at 1, 2, 3, and 4 hr. Thus, consecutive 1-hr labeling periods from 0 to 4 hr after the addition of cycloheximide were obtained. of exposure to the drug. A comparable inhibition of protein synthesis in these cells was obtained after only 30 min of treatment with cycloheximide (1). The effect of this drug on protein and DNA synthesis in the 5b line of L cells used here appears similar to that reported for other lines of L cells (4, 16) .
DNA synthesis in cycloheximide-treated, meningopneumonitis-infected L cells. Although no significant amount of DNA was synthesized in uninfected, cycloheximide-treated L cells, there was a rapid incorporation of "4C-uridine into the DNA of cycloheximide-treated, infected host cells (Fig. 2) . It was first detected 10 to 12 hr after infection, soon after division of the meningopneumonitis cells could be observed by electron microscopy, and its magnitude was proportional to the per cent of the L cells that were infected. Protein synthesis in cycloheximide-treated, infected L cells had already been shown to be meningopneumonitisspecific by virtue of its inhibition by low concentrations of chloramphenicol and chlortetracycline (1), and DNA synthesis in such host cells closely paralleled this proven biosynthetic activity of the meningopneumonitis agent (see Fig. 3 and  4) . During the time that multiplication of the meningopneumonitis agent was most rapid, the amount of radioactivity incorporated into the DNA of cycloheximide-treated, infected L cells doubled every 2 hr. This rate of DNA synthesis agrees well with the generation time of 2 to 3 hr established for another strain of C. psittaci by a phase-contrast microcinematographic method (9) . DNA synthesis in infected and control L cells. Figure 3 illustrates the synthesis of DNA in infected and control cells during the period of most rapid multiplication of the meningopneumonitis agent, approximately 16 to 30 hr after infection.
The total DNA synthesized in L cells infected during logarithmic growth was equal to the HOURS AFTER INFECTION   FIG. 3 . DNA synthesis in infected and control L cells. Infected cell samples (4.4 ml) were placed in 25-ml flasks containing 50 Ag of cycloheximide (final concentration, 10 Ag/ml) in 0.1 ml of growth medium or 0.1 ml of growth medium alone. At the same time, a sample from the control culture was removed to a 2S-ml flask containing 0.1 ml of growth medium, and the flasks were incubated in a water-bath shaker at 37 C. Three and a half hours later, 0.5 ml of growth medium containing l4C-uridine was added to each flask to give a final concentration of0.1 pc/ml and I ,ug/ml. amount of DNA which was synthesized in the control cells (Fig. 3A) . The rate of host-specific DNA synthesis decreased after infection, and by 30 hr L-cell DNA synthesis in the infected cells was almost completely inhibited.
The rate of host-specific DNA synthesis in L cells infected in the stationary phase was almost the same as that in the control cells (Fig. 3B) . Therefore, there was no inhibition of host DNA synthesis. The rate of DNA synthesis in L cells infected in the stationary phase with the meningopneumonitis agent closely approximated the rate of DNA synthesis in L cells infected during logarithmic growth (Fig. 3A and B) . Meningopneumonitis-specific synthesis of DNA proceeded at the same rate in both kinds of L-cell populations.
Protein synthesis in infected and control L cells. Figure 4 is a summary of the results obtained from experiments in which protein synthesis was followed in infected cells and in con- trol cells which were either growing logarithmically or were in the stationary phase of growth.
The total amount of protein synthesized in L cells infected during logarithmic growth closely approximated that which was made in the control cells (Fig. 4A ). There was a 50% inhibition of host-specific protein synthesis in the infected cells by 28 hr after infection.
There was no inhibition of host protein synthesis in host cells infected in the stationary phase when compared with the control cells. The rates of total protein synthesis in meningopneumonitis-infected L cells were almost the same when the host cells were infected in either the stationary phase or during logarithmic growth (see Fig. 4A and B) . The meningopneumonitis agent made protein at the same rate in each kind of host cell population.
DISCUSSION
The effect of infection with the meningopneumonitis agent on DNA and protein synthesis by its L-cell host may be explained in the following way. An uninfected L cell has a certain "capacity" for DNA synthesis and for protein synthesis. These capacities are used maximally during logarithmic growth and minimally during the stationary phase. An infected L cell has the same capacity for DNA and protein synthesis as it had before infection. The meningopneumonitis agent pirates some of this capacity for its own biosynthetic purposes but does not increase the maximal synthetic capacity of the host-parasite combination. The fraction of the host's synthetic capacity that may be exploited by the parasite is equal to the difference between the host's synthetic activity in the logarithmic and stationary phases of growth.
On the basis of analysis of the decline in the rate of synthesis of thymidine kinase and DNA in L cells after infection with the meningopneumonitis agent, Lin (7) proposed that infected L cells continue through the cell cycle until they reach the G1 phase, and that, once in G1, the normal stationary phase, infected L cells cannot enter S, the period of DNA synthesis. It This interpretation of the effect of the meningopneumonitis agent on host macromolecular synthesis explains the conflicting results of Schechter et al. (11) and Starr and Sharon (14) . The former investigators found inhibition of host DNA synthesis when logarithmically growing host-cell suspensions were used, whereas the latter investigators found no inhibition of host DNA synthesis in infected monolayers. Confluent cell monolayers are stationary populations, in which no inhibition of host macromolecular synthesis would be predicted. The failure of Alexander (1) and Schechter (10) to find inhibition of host protein synthesis in suspensions of meningopneumonitis-infected L cells can also be explained. In both sets of experiments, the L cells were in the stationary phase at the time of infection. Since vaccinia virus more strongly inhibits DNA synthesis in cell suspensions than in monolayers (6), it is possible that the host-parasite relationships described here may also apply to other systems.
